Introduction: SCLC accounts for almost 15% of lung cancer cases in the United States. Nomogram prognostic models could greatly facilitate risk stratification and treatment planning, as well as more refined enrollment criteria for clinical trials. We developed and validated a new nomogram prognostic model for SCLC patients using a large SCLC patient cohort from the National Cancer Database (NCDB).
Introduction
Lung cancer is the leading cause of death from cancer in the United States and worldwide. SCLC accounts for 13.6% of all lung cancer cases. 1, 2 Compared to NSCLC, for which the 5-year survival rate is 18.0%, SCLC has only a 6.2% 5-year survival rate, and is characterized by a more rapid tumor growth rate and death from recurrent disease. 3, 4 Over the last several decades, there have been only modest improvements in patient survival and no molecular targeted therapy has proven beneficial for SCLC patients. 5, 6 Nomogram prognostic models that predict patient outcomes may facilitate better treatment stratification and outcome evaluation, as well as more refined patient enrollment criteria for clinical trials in SCLC. Furthermore, a recent study in breast cancer showed that user-friendly online prognostic tools could greatly enhance patient care. However, currently there are no such online tools available for prognosis of SCLC. 7 To date there are three studies of nomograms in SCLC, published by Xie et al., 4 Pan et al., 8 and Xiao et al. 9 The nomograms developed from those studies provide useful tools for clinicians and researchers to stratify the risk of SCLC patients. However, two of the studies simply classified patients as limited or extensive stage without using the more accurate TNM staging proposed by the International Association for the Study of Lung Cancer. 10 Furthermore, there is a lack of independent validation for these models, probably due to the limited sample size (n ¼ 938 in Xie et al. 4 , 275 in Pan et al. 8 , and 647 in Xiao et al. 9 , respectively). Other nonnomogram prognostic models include the Manchester score and Spain score. However, both of these were developed on small sample sets (n ¼ 407 for the Manchester score and n ¼ 341 for the Spain score) and divide patients into only three risk groups. 11, 12 The goal of this study was to identify prognostic factors for SCLC patients, and then to develop and validate a new nomogram prognostic model in a large SCLC patient cohort. The National Cancer Database (NCDB) includes more than 200,000 patients diagnosed with SCLC from 2004 to 2013 in the United States, of which 34,380 SCLC patients without any missing values were used to develop and validate our nomogram prognostic model. The SCLC cases in the NCDB dataset were separated into a training cohort and a validation cohort based on the year of diagnosis. The model was developed from the training cohort of 24,680 SCLC patients diagnosed from 2004 to 2011, and then validated in the validation cohort of 9700 SCLC patients diagnosed from 2012 to 2013. The prognostic performance was evaluated using p value, concordance index, and integrated area under the curve (AUC). To facilitate public usage, we implemented our nomogram and the previous ones by Xie et al. 4 in an online webserver. Compared to the previously published models, our model has the following advantages: (1) it was validated in an independent set; (2) it was developed and validated with a much larger sample size; (3) it was developed across multiple facilities and facility types, which greatly diminishes sample selection bias; (4) it uses accurate SCLC staging criteria: the American Joint Committee on Cancer (AJCC) eighth edition TNM staging system proposed by the International Association for the Study of Lung Cancer 13, 14 ; and (5) it provides an online webserver so that clinicians can use the nomogram model easily.
Methods

Source of Data
A total of 202,194 SCLC cases were identified from NCDB and 34,380 of them met our inclusion criterion that they do not contain any missing data for selected variables. The source of missing values is listed in Supplementary Table 1. The cases are independent and recorded by annual reports from all the Committee on Cancer-accredited programs from 2004 to 2013. Twenty-four thousand six hundred eighty cases that were diagnosed from 2004 to 2011 were assigned to the training group and used to develop the nomogram prognostic model. The 9700 cases diagnosed from 2012 to 2013 were assigned to the testing group and used to validate the model.
Nomogram Development
The nomogram was developed using the training cohort of 24,680 patients diagnosed from 2004 to 2011. Overall survival was defined as the length of time from diagnosis to death or last contact, and used as the primary outcome. Two extra variables were first constructed based on NCDB variables: treatment was defined as the stratification result of surgery, chemotherapy, and radiation therapy; and TNM stage was defined according to the coding guidelines of the Collaborative Staging Manual and Coding Instructions for the new eighth edition lung cancer staging system defined by the AJCC and the Union for International Cancer Control, and following the method of Yang et al. [15] [16] [17] [18] [19] Stages IA1, IA2, and IA3 were combined together in our study as stage IA because no significant prognostic differences were detected among the three sub-stages.
14 Assumptions were made here that the timing and sequence of the treatments were interchangeable, and none of these are salvage treatment due to recurrence/progression. The input variables were age, sex, race, Hispanic origin, Charlson/Deyo score, sequence number, primary site, laterality, grade (tumor's resemblance to normal tissue), AJCC eighth edition TNM stage, and treatment type.
Univariate Cox regression and Wald test were then used to screen for variables that were significantly correlated with overall survival in the training group. Predictors with a p value less than 0.05 were fed to a multivariate Cox regression model. Backward stepwise selection based on Bayesian Information Criterion was used to further eliminate redundant variables. The resulting multivariate Cox regression model was used to calculate risk score and build the final nomogram prognostic model.
Model Validation
To validate our model, four criteria were used to evaluate prediction performance in the testing set. First, the cases were grouped according to their predicted risk score, and Kaplan-Meier survival curves and Wald test were used to compare survival differences among the groups. Second, a concordance index (c-index) was calculated to estimate the similarity between the ranking of true survival time and of predicted risk score. The theoretical value of the c-index is between 0 and 1; a c-index larger than 0.5 indicates prediction performance better than random guessing. When evaluating the performances of different models, c-indexes from different models were compared using z-test. Third, the AUC of time-dependent receiver operating characteristics was calculated at each month from the first to the 30th month. 20, 21 Integrated AUC was calculated by averaging the 30 AUC values. Fourth, calibration curves were plotted to evaluate the consistency between predicted survival probability and actual survival proportion at 1 and 2 years, respectively.
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A perfect prediction would result in a 45-degree calibration curve (i.e., the identity line).
The other two models, the AJCC eighth edition TNM staging system and the traditional limited/extensive staging system, were also tested for prognostic performance in the testing group. C-index and integrated AUC were used to compare this nomogram with the two staging systems. Here, extensive stage was defined based on the presence of distant metastases (M1 stage). 23, 24 All other cases (M0 stage) were grouped as limited stage. To compare performance of the proposed nomogram with TNM staging system and limited/ extensive staging system, a nonparametric approach proposed by Kang et al. 25 was used to compare the correlated Cindexes with right-censored survival outcome.
All computations were conducted in the R environment, version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria). 26 R packages "survival" (version 2.40-1), "timeROC" (version 0.3), "rms" (version 5.1-2), and "compare" (version 1.3.1) were used. Results with p-value 0.05 were considered statistically significant.
Implementation of This and Previously Published Models
To facilitate researchers' and clinicians' usage of our model, we created a user-friendly webserver for our nomogram and the models from Pan et al. 8 , Xiao et al. 9 , and the two models from Xie et al. 4 The nomogram from this study calculates the risk score, plots the survival curve, and provides survival probabilities for 120 months at 6-month increments. The Pan et al. 8 model provides 1-year and 2-year survival probabilities. The Xiao et al. 9 model provides 3-year and 5-year survival probabilities. The Xie et al. , and the corresponding survival probability for a given score was calculated by linear interpolation.
Results
Characteristics of the Training and Validation Cohorts
In total, 202,194 SCLC cases were identified in NCDB, among which 34,380 cases that did not contain any missing variables were included in this study. Based on year of diagnosis, included cases were divided into two distinct groups: cases that were diagnosed from 2004 to 2011 (n ¼ 24,680) were used as the training cohort, whereas cases that were diagnosed from 2012 to 2013 (n ¼ 9,700) were used as the validation cohort. The follow-up time ranged from 0 to 10.76 years (median, 0.64 year) for the training cohort and from 0 to 2.92 years (median, 0.53 year) for the testing cohort. Characteristics of the two sets are shown in Table 1 . In comparing the training and testing sets, the demographic variables were similar, whereas the clinical variables, including Charlson/Deyo score, AJCC eighth edition stage, and laterality, were significantly different.
Building Nomogram Prognostic Model in Training Cohort
In univariate analysis, age, sex, race, Hispanic origin, Charlson/Deyo score, TNM stage by AJCC eighth edition, treatment type, primary site, laterality, and grade were significantly associated with overall survival in the training group (Table 2) . After stepwise selection to further remove potential redundancy, age, sex, race, ethnicity, Charlson/Deyo score, TNM stage by AJCC eighth edition, treatment type, and laterality were used in the final nomogram model (coefficients summarized in Table 3 ). The final risk score was calculated by adding up the score of each item using the nomogram depicted in Figure 1A . The TNM stage defined by the AJCC eighth edition showed the largest range of risk scores, followed by the treatment type and age. The predicted survival probability using the Cox regression model of risk scores was plotted in Figure 1B . 
Validation in Testing Cohort and Sensitivity Analysis in Regards to Missing Data
The proposed nomogram was validated in the independent testing set (n ¼ 9700). The survival difference between any two adjacent groups, which were grouped by predicted risk score, was significant (p < 0.05, Fig. 2A and  B) . The median survival times of score groups ranged from 0.7 months (when risk score >18) to 30.9 months (when risk score <6). The c-index was 0.722 ± 0.004 and the integrated AUC was 0.79 from the first month to the 30th month (Fig. 2C, Supplementary Table 2) . A calibration curve at 1 year (Fig. 2D ) or 2 years (Fig. 2E ) also showed high consistency between predicted survival probability and actual survival proportion. With regard to prognostic ability, the proposed nomogram performed better than the two commonly used SCLC staging systems, the AJCC TNM system and limited/extensive staging system (Fig.  2C,  Supplementary Table 2 , Supplementary Fig. 1A and B) . The AUC of the nomogram was the highest throughout the first to the 30th month, followed by the AJCC eighth edition TNM staging system. The integrated AUC of the proposed nomogram was 0.789, whereas those of the AJCC eighth edition TNM staging system and the limited/ extensive staging system were 0.634 and 0.598, respectively. The c-index of this nomogram (0.722 ± 0.004) was also significantly higher than the c-indexes of the AJCC eighth edition TNM staging system (0.550 ± 0.003, p < 0.001) and the limited/extensive staging system (0.539 ± 0.002, p < 0.001), confirming the strong prognostic power of this proposed nomogram.
To evaluate the robustness of our model to missing data, a sensitivity analysis was performed on the excluded cases diagnosed from the year 2012 to 2013 (n ¼ 11,020). The missed variables were imputed using corresponding modes in the training cohort (Table 1) : missed stages (n ¼ 10,416) were imputed as "stage IVA"; missed treatment types (n ¼ 508) were imputed as "no surgery, chemo done, radiation done"; missed Hispanic origins (n ¼ 819) were imputed as "false." Under the circumstance of having at least one variable imputed, the survival difference between any two adjacent predicted risk groups was still significant (Supplementary Fig. 2A and B) . The c-index was 0.691 ± 0.004, and the integrated AUC was 0.734 ( Supplementary Fig. 2C ). A calibration curve at 1 year ( Supplementary Fig. 2D ) or 2 years ( Supplementary  Fig. 2E ) still showed high consistency between predicted survival probability and actual survival proportion, proving the robustness of this nomogram to missing data.
Development of Webserver for Easy Access of Our Own and Previously Published Models
An online version of our nomogram (Fig. 3A) can be accessed at http://lce.biohpc.swmed.edu/lungcancer/ sclc_nomogram, to assist researchers and clinicians. Online implementation of the other nomograms from Pan et al. 8 , Xiao et al. 9 , and Xie et al. 4 are also available (Fig. 3B-D) . Predicted survival probability across time can be easily determined by inputting clinical features and reading output figures and tables generated by the webserver.
Discussion
In this study, a nomogram prognostic model was developed and validated using a large cohort of SCLC cases across the United States. This nomogram, based on routinely available demographic, staging, and treatment information, predicts the survival probability for individual SCLC patients. The publicly accessible online implementation will assist clinicians in making treatment decisions.
Compared with other prognostic indexes, such as the Manchester Score and the Spain prognostic index, our model calculates individualized survival probability rather than assigning cases into a few risk groups, thus better capturing heterogeneity across patients. 11, 12 Compared with the previously published nomogram by Xie et al. 9 , this model used a much larger training dataset and involved multiple treatment facilities, which allowed for smaller sampling bias. The internal c-index of this model was 0.744 ± 0.002, higher than in previously published models (0.73 for both nomograms in Xie et al. 4 ). Independent validation of our model showed significantly different outcomes among different score groups ( Fig. 2A and B) . A high concordance index (0.722 ± 0.004) and integrated AUC score (0.789) (Fig. 2C , Supplementary Table 2) in the testing set also indicated the strong predictive ability of our nomogram model. In addition, combining demographic, clinical, and treatment information together produced a nomogram with better performance than using staging information alone (Fig. 2B, Supplementary Table 2 ). Thus, this comprehensive and individualized risk score calculation method could be used as stratification criteria in randomized studies and clinical trials.
In this nomogram, age, sex, race, ethnicity, Charlson/ Deyo score, AJCC eighth edition stage, treatment type, and laterality were kept after univariate Cox regression screening and backward stepwise selection. Age, sex, and Charlson/Deyo score have previously been shown to be significantly relevant to survival of SCLC patients. 4, 27 Noticeably, AJCC eighth edition stage contributed the most to the final risk score (Fig. 1A) , with clear distinctions between each two adjacent TNM stages (Table 3) , and showed better prognostic performance than the limited/extensive staging system with higher c-index and AUC (Fig. 2B, Supplementary Table 2 ). The significant contribution of TNM stage to this nomogram externally validates the performance of the AJCC eighth edition TNM lung cancer classification system, and highlights the importance of applying this more accurate staging system to SCLC rather than using the traditional limited/extended staging. 10, 13, 28 This proposed nomogram also shows the prognostic implications of using different treatment methods (Fig. 1A, Table 3 ). As expected, cases treated with both surgery and chemoradiation therapy have the lowest risk score and cases not treated with any method have the highest risk score. Furthermore, the nomogram (Fig. 1B) is consistent with current research in that it predicts better survival for surgery with chemoradiation (1); no surgery, no chemo, radiation performed (2); no surgery, chemotherapy performed, no radiation (3); no surgery, chemotherapy performed, radiation performed (4); surgery performed, no chemotherapy, no radiation (5); surgery performed, no chemotherapy, radiation performed (6); surgery performed, chemotherapy performed, no radiation (7); and surgery performed, chemotherapy performed, radiation performed (8) . Laterality of tumor origin includes: not a paired site (0), only one side (either left or right) is involved (1), bilateral involvement (2), paired site with unknown origin side or midline tumor (3). (B) Predicted patient survival probability curve corresponding to risk scores ranging from 2 to 22.
(treatment types 7 and 8) than for surgery with chemotherapy alone (treatment types 3 and 4). 21 However, the risk scores of different treatment methods are not recommended for direct use as a guideline for treatment selection because clinical treatment decisions should be made based on multiple factors such as TNM stage and patient comorbidities (Supplementary Table 3) . 3 There were several limitations in the development of this nomogram. The first limitation was a lack of some routinely available clinical data, such as the neutrophil to lymphocyte ratio and platelet to lymphocyte ratio. The absence of this information prevented direct comparison of performance between our model and another published nomogram. 4 Constructing a prognostic model using both the factors identified in our model and other lab tests such as neutrophil to lymphocyte ratio would thus be beneficial in creating an even more accurate prognostic prediction. The second limitation was the inability to capture interaction terms among the predictors. For example, patients with early-stage disease (stages I and II) were more likely to receive surgery than patients with late stage disease (stages III and IV). The interactions between stage and treatment strategies are worth further investigation. To satisfy the requirement for convenience and interpretability of the nomogram, interaction terms were not considered in this model. However, a more complex model considering all potential interaction terms would be expected to have better prognostic performance. The third limitation was that the sequence of treatment was not considered. Because neither recurrence nor progression is recorded in the dataset, we must consider the treatment as baseline variables instead of time-varying covariates. By including the treatment as baseline covariates, we assume that the exact treatment combination was decided and given at the time of diagnosis. This assumption is necessary to incorporate the treatment information into the model, when the exact time of the treatment is missing. Finally, of 200,000 SCLC patients from the NCDB, there are only 34,380 patients without missing values. This large percent of missing data might introduce some selection bias.
Conclusion
We developed a nomogram prognostic model for SCLC patients, and validated the model using an independent patient cohort. The proposed nomogram shows better prognostic performance than other existing models. This nomogram and previously published prognostic models were implemented on an online webserver. Researchers, clinicians, and patients can easily predict the survival probability for each individual patient using this webserver.
